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WKH HDUO\ GHVLJQ SKDVH ZKLFK LV WKH SKDVH ZKHUH PRVW RI WKH SURMHFW OD\RXW LV GHILQHG 7KH PDLQ DLP RI WKLV SDSHU LV WKH
GHYHORSPHQW RI D SODWIRUPWRRO WR VXSSRUW WKH DXWRPDWLF RSWLPL]DWLRQ RI D VWHHO VWUXFWXUH XVLQJ YLUWXDO SURWRW\SLQJ WRROV DQG
JHQHWLFDOJRULWKPV7KHIRFXVLVRQWKHGHVLJQRIKHDY\VWHHOVWUXFWXUHVIRURLO	JDVSRZHUSODQWV7KLVZRUNGHVFULEHVLQGHWDLO
WKHGHVLJQPHWKRGRORJ\DQGHVWLPDWHVWKHZHLJKWVDYLQJUHODWHGWRWKHUHGHVLJQSURFHVVRIDWHVWFDVHVWUXFWXUH7KHGHVLJQFDVHV
FRQVLGHUHGLQWKHSDSHUDUHWKRVHUHOHYDQWWRWKHRSHUDWLQJ
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,QWURGXFWLRQ
$ ORW RI UHVHDUFK FRQFHUQLQJ WKH GHVLJQ RSWLPL]DWLRQ RI
VWHHO VWUXFWXUHV LV GUDZQ LQ OLWHUDWXUHZLWK WKH IRFXV RQ FRVW
UHGXFWLRQDQGZHLJKWRSWLPL]DWLRQ>@,QGHHGWKHVFRSH
RI VWHHO VWUXFWXUHV UHJDUGV VHYHUDO DSSOLFDWLRQ ILHOGV VXFK DV
FLYLO EXLOGLQJV EULGJHV IDFWRULHV VWRUHV DQG SRZHU SODQWV
7\SLFDORQVKRUHDQGRIIVKRUHRLO	JDVFRQVWUXFWLRQVDUHVWHHO
VWUXFWXUHVZLWKKRUL]RQWDODQGYHUWLFDOEHDPVDQGGHFNV0DQ\
H[DPSOHVRIRLO	JDVVWHHOVWUXFWXUHVFDOOHGPRGXOHV)LJ
DUHXVHGLQSRZHUJHQHUDWLRQSODQWVDQGDOVRLQXSVWUHDPDQG
GRZQVWUHDP DFWLYLWLHV ,Q SDUWLFXODU WKH RLO 	 JDV PDUNHWV
KDYH DQ HYHU JURZLQJ GHPDQG IRU ³SOXJDQGSOD\´ RQVKRUH
DQG RIIVKRUH VROXWLRQV WR PLWLJDWH LVVXHV WKDW PD\ LQWHUIHUH
ZLWK VPRRWK FRQVWUXFWLRQ RSHUDWLRQV DW WKH ILQDO LQVWDOODWLRQ
VLWH 7\SLFDOO\ WKRVH SOXJ 	 SOD\ VROXWLRQV DUH DFKLHYHG
WKURXJK WKHPRGXODUL]DWLRQRI IXQFWLRQDOO\ LQGHSHQGHQW SDUWV
RI D SODQW 6XFK PRGXOHV DUH FRQVWUXFWHG DQG WHVWHG LQ D
³FRQWUROOHG´ HQYLURQPHQW DQG WKHQ WUDQVSRUWHG WR WKH ILQDO
GHVWLQDWLRQ PLQLPL]LQJ WKH VLWH ZRUNV DQG WKH ULVNV IRU WKH
FXVWRPHU %DVHG RQ WKLV JDV FRPSUHVVLRQ DQG SRZHU
JHQHUDWLRQPRGXOHV FDQ UDQJH IURP VLPSOH FRQILJXUDWLRQV WR
ODUJH PRGXOHV WKDW LQFOXGH ERWK WXUER FRPSUHVVLRQ DQG JDV
SURFHVVLQJHTXLSPHQWLQWKHVDPHSUHIDEULFDWHGVWUXFWXUH7KH
DYHUDJHVWHHOVWUXFWXUHVHOIZHLJKWPD\UDLVHRYHUWRQVSHU
PRGXOH 'XH WR WKHLU W\SLFDO IXQFWLRQDOLW\ WKH PRGXOHV DUH
VXEMHFWHGWRVWDWLF ORDGVG\QDPLFORDGV ODQGWUDQVSRUW ORDGV
VHD WUDQVSRUW DQG IDWLJXH ORDGV 7KH ZHLJKW RSWLPL]DWLRQ RI
VWHHOFRQVWUXFWLRQVLVDYHU\LPSRUWDQWLVVXHLQWKHILHOGRIWKH
RLO	JDVLQGXVWU\,QIDFWWKHFRVWRIDVWHHOPRGXOHLVUHODWHG
WRWKHVWUXFWXUH¶VVHOIZHLJKWWKHQXPEHURIEHDPVWKHW\SHV
RI EHDP VHFWLRQV WKH QXPEHU RI RYHUVWUHVVHGEHDPV DQG WKH
W\SHRIFRQVWUXFWLRQ6LPXODWLRQWRROVEDVHGRQ)(0DQDO\VLV
DUH XVHG LQ WKH GHVLJQ RI ELJ VWHHO VWUXFWXUHV GXH WR WKH
SRVVLELOLW\WRLQYHVWLJDWHWKHEHKDYLRURIPHFKDQLFDOVWUXFWXUHV
ZLWK YLUWXDO SURWRW\SHV 6LPXODWLRQV ZLWK RSWLPL]DWLRQ
DQDO\VLV DUH SURSRVHG LQPDQ\ UHVHDUFK DFWLYLWLHV LQ RUGHU WR
DFKLHYH WKH DEVROXWH PD[LPXP RU PLQLPXP YDOXHV RI
SUHGHILQHG REMHFWLYH IXQFWLRQV >@ 2QH RI WKH PRVW IDPRXV
W\SHV RI WKH RSWLPL]DWLRQ SURFHGXUHV LV WKH VROXWLRQ WKURXJK
JHQHWLF DOJRULWKPV ,Q SDUWLFXODU JHQHWLF DOJRULWKPV DUH
SURSRVHG LQ D ODUJH QXPEHU RI RSWLPL]DWLRQ VWXGLHV IRU
GLIIHUHQW SXUSRVHV >@ 7KH IROORZLQJ VHFWLRQV GHVFULEHV WKH
UHVHDUFK EDFNJURXQG UHJDUGLQJ WKH VWUXFWXUDO RSWLPL]DWLRQ
SD\LQJ DWWHQWLRQ WR PDWKHPDWLFDO DOJRULWKPV DQG VROXWLRQ
SURFHGXUHV XVHG LQ OLWHUDWXUH 6RPH EDFNJURXQG UHVHDUFK
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SURSRVHVDGHVLJQRSWLPL]DWLRQPHWKRGRORJ\>@KRZHYHUWKH
GHVLJQ RI RLO	 JDV VWUXFWXUHV UHTXLUHV DPRUH FRPSOH[ DQG
GHGLFDWHG DSSURDFK IRU GLIIHUHQW UHDVRQV ,Q IDFW PDQ\
UHVHDUFKHUV SURSRVH WKH RSWLPL]DWLRQ DQDO\VLV RI VLPSOH
VWUXFWXUHVZLWKRXWDSDUDOOHODQDO\VLVRIORDGFRQGLWLRQV0DQ\
WHVWFDVHVRIVWUXFWXUHVUHJDUGVLPSOHWUXVVHV>@RUSRUWDOV>@
DQG WKH FRQVLGHUHG DQDO\VLV DUH IRFXVHG RQ VWDWLF RU DW OHDVW
G\QDPLFORDGLQJ,QDGGLWLRQSDVWSURMHFWVGRQRWFRQVLGHUWKH
LQWHUDFWLRQEHWZHHQ WKHGHVLJQPHWKRGRORJ\DQG WKHZRUNRI
WKH HQJLQHHU LQ RUGHU WR UHGXFH WKH GHVLJQ WLPH:KLOVW WKH
LQWHQW RI WKH PHWKRG SURSRVHG LQ WKLV SDSHU LV WR GHILQH D
UHXVDEOH PHWKRGRORJ\ WR VXSSRUW WKH GHVLJQ RSWLPL]DWLRQ RI
ELJVWHHOVWUXFWXUHVZLWKDWWHQWLRQWRGHVLJQWLPHDQGGLIIHUHQW
ORDGLQJ FDVHV 7KH DSSOLFDWLRQ RI WKLV DSSURDFK DW WKH HDUO\
GHVLJQSKDVHFRXOGEHYHU\VXLWDEOHWRDFKLHYHDEHWWHUSURMHFW
RI PDVV UHGXFWLRQ LQ WKH QH[W H[HFXWLYH SKDVH ZLWK PRQH\
VDYLQJ EHQHILWV $ SODWIRUPWRRO KDV EHHQ GHYHORSHG WR
VXSSRUW WKH DXWRPDWLF RSWLPL]DWLRQ RI VWHHO IUDPHV XVLQJ
JHQHWLF DOJRULWKPV$ WHVW FDVH LVSURSRVHG WR LQYHVWLJDWH WKH
UHGHVLJQ RI D OLJKWZHLJKW PRGXOH DQDO\]LQJ GLIIHUHQW
VROXWLRQV RI VWHHO EHDP JURXSLQJ 7KH WHVW LV OLPLWHG WR WKH
IROORZLQJ ORDGFDVHVVWDWLFVHD WUDQVSRUWDQG ODQG WUDQVSRUW
7KH VWUXFWXUH LQ VXEVHW LV D W\SLFDOSRZHUJHQHUDWLRQPRGXOH
ZLWKDKHDY\GXW\JDVWXUELQH*7!0:7KHPRGXOHLV
HTXLSSHGZLWK+9$&V\VWHPVEULGJHFUDQHVHWF

1RPHQFODWXUH
'2('HVLJQ2I([SHULPHQWV
(+6(QYLURQPHQWDO+HDOWKDQG6DIHW\
)(0)LQLWH(OHPHQW$QDO\VLV
*$*HQHWLF$OJRULWKP
*7*DV7XUELQH
+9$&+HDWLQJ9HQWLODWLRQ	$LU&RQGLWLRQLQJ
0220XOWL2EMHFWLYH2SWLPL]DWLRQ
5605HVSRQVH6XUIDFH0HWKRGRORJ\
%DFNJURXQGUHVHDUFK
,Q WKLV VHFWLRQ D VHOHFWLRQ RI PRUH LQWHUHVWLQJ UHVHDUFK
SURMHFWV DERXW VWHHO WUXVVHV LV SURSRVHG LQ RUGHU WR JLYH D
EDFNJURXQGRIWKHUHVHDUFKDOUHDG\SHUIRUPHGDQGWRGHVFULEH
EHWWHU WKH FRQWH[W DQG WKH SXUSRVHV RI RXU ZRUN $V FLWHG
EHIRUH PDQ\ UHVHDUFK SURMHFWV DUH IRFXVHG RQ WKH ZHLJKW
RSWLPL]DWLRQ RI EDVLF DQG HGXFDWLRQDO VWHHO VWUXFWXUHV ZKLOH
RWKHU RQHV UHJDUG WKH VWXG\ RI PRUH FRPSOH[ WUXVVHV
&RQFHUQLQJ FLYLO VWUXFWXUHV WKH RSWLPL]DWLRQ DQDO\VLV LV
VRPHWLPHVDOVRDSSOLHGWRFRPSRVLWHVWUXFWXUHVOLNHGHFNVDQG
FRPSOH[VKDSHVDVURRIV
7KH JHQHWLF DOJRULWKPV DUH FRQVLGHUHG DV WKH PRVW
DSSURSULDWH RSWLPL]DWLRQ PHWKRG IRU WKH GHVLJQ RI EHDP
VWUXFWXUHV 7KLV FKRLFH LV GXH WR WKH VLPSOLFLW\ RI WKH
PDWKHPDWLFDO IRUPXODWLRQ WKH LQGHSHQGHQFH IURP REMHFWLYH
IXQFWLRQ WKH SRVVLELOLW\ WR ZRUN ZLWK GLVFUHWH YDULDEOHV >@
3UHQGHV*HURHWDOGHILQHGDPDWKHPDWLFDOHOLWLVWDSSURDFKLQ
RUGHU WR LQFUHDVH WKH HIILFLHQF\ RI WKH JHQHWLF DOJRULWKP
PHWKRG >@ 7KH\ DQDO\]HG WZR RI WKH PRVW FRPPRQ '
VWUXFWXUHV D SRUWDO IUDPH VWUXFWXUH DQG D WKUHHIORRU VWHHO
EXLOGLQJ7KHH[WHUQDO ORDGLQJFRQGLWLRQVZHUHFRPELQDWLRQV
RIZLQGDQGVQRZ7KLVVWXG\EHJDQZLWKDGDWDEDVHRI
HOHPHQWV FRQWDLQLQJ DOO WKH VHFWLRQV IURP WKH 6SDQLVK %DVLF
%XLOGLQJ&RGHEXWVXEVHTXHQWO\WKH\UHGXFHGWRFRGHVRI
EHDPVHFWLRQV LQRUGHU WR OLPLW WKHFRPSXWDWLRQDOFRVW7KH\
GLYLGHGWKHVWUXFWXUHVLQJURXSVRIEHDPVWDNLQJLQWRDFFRXQW
ORDGVDSSOLHGDQGORFDWLRQ7KH\IRXQGWKDWWKHILUVWVWUXFWXUH
ZKLFK LQLWLDWHV WKH RSWLPL]DWLRQ SURFHVV LV H[WUHPHO\
LPSRUWDQW IRU WKH GHYHORSPHQW RI WKH VROXWLRQ SURFHVVZKLOH
WKHQXPEHURIJURXSVLQIOXHQFHGWKHFRPSXWDWLRQDOFRVW7KH
UHVXOWV RI VLPXODWLRQV GHPRQVWUDWH WKDWZLWKPRUH JURXSV RI
EHDPV WKH ZHLJKW ZDV UHGXFHG IRU DOO VWUXFWXUHV DQDO\]HG
7KH\ REWDLQHG D  ZHLJKW UHGXFWLRQ FRQVLGHULQJ WZR
REMHFWLYH IXQFWLRQV ZHLJKW DQG SHQDOW\ IDFWRU 7KH
RSWLPL]DWLRQRISRUWDOIUDPHVZDVDOVRVWXGLHGE\0F.LQVWUD\
HWDOO>@WKDWVWXGLHGDV\PPHWULFSRUWDOIUDPHVIRUDSSOLFDWLRQ
DV SKRWRYROWDLF SDQHOV ,Q WKLV FDVH WKH FRQVLGHUHG ORDGLQJ
W\SHVZHUH FRPELQDWLRQ RI VQRZ DQGZLQG DV YLHZHG LQ WKH
SUHYLRXVFDVH7KHREMHFWLYH IXQFWLRQZDV WKHRYHUDOOGHVLJQ
RSWLPL]DWLRQE\*$ZLWK WKHPLQLPXPZHLJKWRIEHDPVDQG
LQ DFFRUGDQFHZLWK WKH GHVLJQ UHTXLUHPHQWV 7KHLU DSSURDFK
OHGWRZHLJKWVDYLQJVRIXSWR>@
*$ DUH DQ H[DPSOH RI DSSOLFDWLRQV RI SRSXODWLRQEDVHG
HYROXWLRQDU\ RSWLPL]DWLRQPHWKRGVZKLFK DUH YHU\ FRPPRQ
LQ VFLHQFH DQG HQJLQHHULQJ 2WKHU H[DPSOHV DUH $&3 DQW
FRORQ\RSWLPL]DWLRQ362SDUWLFOHVZDUPRSWLPL]DWLRQDQG
7/%2 WHDFKLQJ±OHDUQLQJEDVHG RSWLPL]DWLRQ ZKLFK XVHV
VLPSOHPRGHOVRIWHDFKLQJDQGOHDUQLQJZLWKLQDFODVVURRPDV
WKH EDVLV IRU DQ HYROXWLRQDU\ RSWLPL]DWLRQ DOJRULWKP
)DUVKFKLQHWDOSURSRVHGDUREXVWPXOWLFODVV7/%2DSSURDFK
WRRSWLPL]HSODQDU WUXVVHVXS WREDUV LQYROYHG >@(DFK
FDOFXODWLRQ LWHUDWLRQHQGHGZKHQDZHLJKW UHGXFWLRQRI
ZDVDFKLHYHG7UNHUHWDOVWXGLHGWKHG\QDPLFEHKDYLRURID
WZRVWRU\VWUXFWXUHXVLQJVLPXODWLRQVEDVHGRQ)(0DQDO\VLV
>@ 7KH\ LQYHVWLJDWHG WKH PRGDO WHVWLQJ ZLWK DQG ZLWKRXW
EUDFHV2QHRIWKHLUUHPDUNVZDVWKDWEUDFHHOHPHQWVFDXVHDQ
LQFUHDVH LQ WKH QDWXUDO IUHTXHQFLHV EHFDXVH RI WKH LQFUHDVHG
VWLIIHQLQJRIWKHVWUXFWXUHV>@
7KH RSWLPL]DWLRQ RI WUDQVPLVVLRQ OLQH WRZHUV IRFXVLQJ RQ
LQGXVWULDO DSSOLFDWLRQVZDVSURSRVHGE\6RX]D HW DO WKURXJK
DQ DSSURDFK EDVHG RQ WRSRORJ\ RSWLPL]DWLRQ FRQVLGHULQJ
GLIIHUHQWSUHHVWDEOLVKHG WHPSODWH WRSRORJLHV >@.RFLHFNL HW
DO SURSRVHG D WZRSKDVH JHQHWLF DOJRULWKP IRU VL]H
RSWLPL]DWLRQ RI IUHHIRUP VWHHO VSDFHIUDPH URRI VWUXFWXUHV
>@ 7KH\ FRQVLGHUHG ZLQG VQRZ DQG VHLVPLF ORDGLQJV LQ
OLQHDUVWUXFWXUDOVLPXODWLRQV7KHFRQYHUJHFRQGLWLRQVDOORZHG
QRPRUHWKDQRIRYHUVWUHVVHGEHDPV7KHDFKLHYHGUHVXOWV
SURYLGHDZHLJKWUHGXFWLRQRIXVLQJDQDXWRPDWHGGHVLJQ
SURFHVV
6KDUDIL HW DO VWXGLHG D PHWKRG IRU WKH VKDSH DQG VL]LQJ
RSWLPL]DWLRQ DSSOLHG WR VWHHO VHFWLRQV XVLQJ WKH JUDSK WKHRU\
DQG $&2 DOJRULWKP >@ 7KH\ SXUVXHG D PXOWLREMHFWLYH
DQDO\VLV IRFXVHG RQ RSWLPXP PDVV DQG VWUHQJWK 7KH XVHG
JUDSK WKHRU\ DSSURDFKZDV YHU\ VXLWDEOH IRU RSWLPXP VKDSH
DQDO\VLV EHFDXVH WKH JUDSK DOJRULWKPV DUH JRRG WR ILQG WKH
VKRUWHVWSDWKVVROXWLRQ,QIDFWVLQFHWKHWKLFNQHVVRIWKHEHDP
FURVVVHFWLRQLVXQLIRUPDQGFRQVWDQW WKHPDVVPLQLPL]DWLRQ
RIWKHVHFWLRQUHGXFHVWKHLVVXHWRWKHOHQJWKPLQLPL]DWLRQRI
WKH VHFWLRQ.DYHK HW DO SURYLGHG D FRVW RSWLPL]DWLRQ VWXG\
IRFXVHG RQ D FRPSRVLWH IORRU XVLQJ D KDUPRQ\ VHDUFK
DOJRULWKP >@ 7KLV DOJRULWKP LPLWDWHV WKH PXVLFDO
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SHUIRUPDQFH SURFHVV WKDW WDNHV SODFH ZKHQ D PXVLFLDQ
VHDUFKHVIRUDEHWWHUVWDWHRIKDUPRQ\7KHREMHFWLYHIXQFWLRQ
ZDV FRQVLGHUHG DV WKH FRVW RI WKH IORRU V\VWHPV ZKLFK
FRQVLVWV RI D UHLQIRUFHG FRQFUHWH VODE DQG VWHHO EHDPV 7KH
RSWLPL]DWLRQ DQDO\VLV RI D IORRU V\VWHPZDV DOVR VWXGLHG E\
3RLWUDVHWDO>@XVLQJDSDUWLFOHVZDUPRSWLPL]DWLRQPHWKRG
7KLV VWRFKDVWLFPHWKRG LVEDVHGRQ VZDUP LQWHOOLJHQFH VXFK
DV WKH EHKDYLRU RI VZDUPV RI EHHV VHHNLQJ RXW IORZHUV WR
SROOLQDWH 7KH RSWLPL]DWLRQ SUREOHP ZDV WR PLQLPL]H WKH
REMHFWLYH IXQFWLRQ UHSUHVHQWLQJ WKHPDVV DQG WKH FRVW RI WKH
VWHHOIORRUFRQILJXUDWLRQ>@
6RPH SUHVHQWHG EDFNJURXQG ZRUN SUHVHQWV D
PHWKRGRORJLFDO DSSURDFK WR GHVFULEH WKH RSWLPL]DWLRQ VWHSV
0RUH RI WKHP XVHG D*$ IRUPXODWLRQ WR VROYH RSWLPL]DWLRQ
DQGPXOWLREMHFWLYH SUREOHPV 7KH SURSRVHG DYHUDJH ZHLJKW
UHGXFWLRQIRUIUDPHVWUXFWXUHVLVIURPWRLQOLWHUDWXUH
7KH VLPXODWLRQV DUH RIWHQ FDUULHG RXW LQ OLQHDU FRQGLWLRQV
ZLWKRXW GLVSODFHPHQWV DW QRGHV 7KHPRUH DQDO\]HG ORDGLQJ
FRQGLWLRQV DUH VQRZ DQG ZLQG 2XU DSSURDFK DLPV WR
LQYHVWLJDWHGLIIHUHQWERXQGDU\FRQGLWLRQVFRQVLGHULQJVSHFLILF
FRQVWUDLQWV DV(+6 DQG%/$67 ,Q IDFW DV GHVFULEHG LQ WKH
IRXUWK VHFWLRQ WKH RLO 	 JDV PRGXOHV SUHVHQW PDQ\
FRPELQDWLRQV RI ORDGLQJ FRQGLWLRQV 7\SLFDO GHVLJQ
FRQVWUDLQWV UHJDUG WKH PRGXOH¶V OD\RXW DQG WKH SUHVHQFH RI
ORDGVDSSOLHGWREHDPV*HQHUDOO\ WKHRLO	JDVDSSOLFDWLRQV
LQWURGXFH FRPSOH[LW\ LQ WKH VWXG\ RI WKH VWUXFWXUHV
RSWLPL]DWLRQ GXH WR WKH QHFHVVLW\ WR LQYHVWLJDWH GLIIHUHQW
ORDGLQJFRQGLWLRQVDQGYHULI\FRQVWUDLQWVDQGQRUPDWLYH3DVW
UHVHDUFKHVGRQRWFRQVLGHUSDUDOOHO VLPXODWLRQVZKLOH WKHRLO
	JDVPRGXOHGHVLJQUHTXLUHVVLPXOWDQHRXVDQDO\VHVVXFKDV
VHDWUDQVSRUWDQGVWDWLFDQDO\VLVLQRUGHUWRUDSLGO\LQYHVWLJDWH
WKHVWUXFWXUDOEHKDYLRULQVHYHUDOFRQGLWLRQV$GGLWLRQDOO\WKH
PHWKRGV DOUHDG\ SURSRVHG GR QRW WDNH LQWR DFFRXQW KRZ WKH
HQJLQHHU FDQ UHGXFH WKH GHVLJQ WLPH GXULQJ WKH HDUO\ GHVLJQ
WDVNV7KHVFRSHRIRXUGHVLJQPHWKRGRORJ\LVDOVRWRLQFUHDVH
HIILFLHQF\ LQ WKH ILUVW GHVLJQ SKDVH LQ RUGHU WR DFKLHYH D
PLQLPXP ILQDO FRVW ,Q IDFW WKH HIILFLHQF\ LQFUHDVLQJ LQ WKH
HDUO\ GHVLJQ SKDVHV SURGXFHV EHQHILWV LQ WHUP RI WLPH
UHGXFWLRQDQGTXDOLW\
*HQHWLF$OJRULWKPV
*HQHWLF DOJRULWKPV EHORQJ WR D W\SH RI HYROXWLRQDU\
DOJRULWKPXVHGIRUVROYLQJIXQFWLRQVRIRSWLPL]DWLRQPHWKRGV
>@ 7KLV DSSURDFK LV LQVSLUHG E\ QDWXUH DQG WKH ELRORJLFDO
PRGHO RI FKURPRVRPHV ZKLFK FRQWDLQ JHQHWLF LQIRUPDWLRQ
UHSUHVHQWHG E\ ORFDWLRQ DQG YDOXH RI WKHLU JHQHV 7KH
LPSOHPHQWDWLRQRIDJHQHWLFDOJRULWKPUHTXLUHV WKHGHILQLWLRQ
RI UHSUHVHQWDWLRQ ILWQHVV IXQFWLRQ SDUHQW VHOHFWLRQ DQG
VXUYLYRU VHOHFWLRQ PHFKDQLVPV DV ZHOO DV PDWFKLQJ DQG
PXWDWLRQ RSHUDWRUV ,Q SDUWLFXODU ILWQHVV LV WKH YDOXH RI WKH
REMHFWLYHIXQFWLRQLQDQRSWLPL]DWLRQSUREOHP
,Q*$DSRSXODWLRQRIFDQGLGDWHVROXWLRQVLQGLYLGXDOVLV
HYROYHGWRZDUGEHWWHUVROXWLRQVE\DQLWHUDWLYHSURFHVV(DFK
LQGLYLGXDOKDVD VHWRISURSHUWLHVFDOOHGFKURPRVRPHVZKLFK
FDQEHPXWDWHG DQG DOWHUHG FURVVRYHU DQGPXWDWLRQ DQG LQ
HDFK JHQHUDWLRQ WKH ILWQHVV RI HYHU\ LQGLYLGXDO LQ WKH
SRSXODWLRQLVHYDOXDWHG7KHQHZSRSXODWLRQRILQGLYLGXDOVLV
WKHQXVHGLQWKHQH[WLWHUDWLRQ7KHJHQHUDWLRQORRSWHUPLQDWHV
ZKHQWKHSRSXODWLRQDFKLHYHVDVDWLVIDFWRU\ILWQHVVOHYHORULI
DPD[LPXPQXPEHURIJHQHUDWLRQVKDVEHHQUHDFKHG
,Q WKH SURSRVHG UHVHDUFK WKH SURSHUWLHV RI WKH
FKURPRVRPHV DUH UHSUHVHQWHG E\ WKH JHRPHWULF SDUDPHWHUV
UHODWHG WR WKH EHDP VHFWLRQV ZKLOH WKH ILWQHVV YDOXHV DUH
HYDOXDWHGWKURXJKDVWUXFWXUDO)(0VROYHU$FRPPHUFLDOWRRO
LPSOHPHQWV WKH DOJRULWKPV WR VXSSRUW WKH FDOFXODWLRQ RI WKH
RSWLPDOFRQILJXUDWLRQV
7KHPRGXOH
0RGXODUL]DWLRQ DQG SUHDVVHPEO\ DUH FRPPRQ GHVLJQ
VWUDWHJ\ LQ LQGXVWULDO SODQW GHVLJQ DQG RLO 	 JDV SODQWV
FRQFHUQLQJRIIVKRUHDQGRQVKRUHEXLOGLQJV7KHUHIRUHDQRLO
	JDVSODQWLVRIWHQDFROOHFWLRQRISUHIDEULFDWHGPRGXOHV$
PRGXOH LV WKH VPDOOHVW IXQFWLRQDO XQLW ZLWK LWV HTXLSPHQW
PDFKLQHV DQG VWHHO VWUXFWXUH 7KXV D VLQJOH PRGXOH FDQ
FRQWDLQ SRZHU JHQHUDWLRQ XQLWV JDV FRPSUHVVLRQ XQLWV DQG
SURFHVVHTXLSPHQWIRURLO	JDVDSSOLFDWLRQV


)LJ$W\SLFDORLO	JDVPRGXOHGXULQJWKHODQGWUDQVSRUWSKDVH
,Q SDUWLFXODU WKH SURSRVHG UHVHDUFK LV SUHFLVHO\ LQ
FROODERUDWLRQ ZLWK *HQHUDO (OHFWULF 2LO 	 *DV RQH RI WKH
LQWHUQDWLRQDO SOD\HUV ZKLFK GHVLJQ DQG SURGXFH FXVWRPL]HG
SUHDVVHPEO\PRGXOHVIRURLO	JDVSODQWV*(2LO	*DVKDV
EHHQZRUNLQJRQSUHDVVHPEO\PRGXOHV VLQFH  DQG LW LV
YHU\DFWLYHWRGD\LQWKHVWXG\RIWKHEHVWSUDFWLFHVWRRSWLPL]H
WKH GHVLJQ DQG SURGXFWLRQ RI WKHVH PRGXOHV (DFK VLQJOH
PRGXOH FDQ ZRUN LQGHSHQGHQWO\ RI HDFK RWKHU 7KH
FRPELQDWLRQRIPDQ\PRGXOHVVHWVWKHSHUIRUPDQFHRIDQRLO
	 JDV SRZHU SODQW 7KH PRGXODULW\ DSSURDFK IRU RLO 	 JDV
SODQWVUHGXFHVWKHRYHUDOOFRVWDQGWKHGHOLYHU\WLPH


)LJ7KHPRGXOH¶VVWUXFWXUHDQGPDLQVLPXODWLRQDQDO\VHV
7KH VWUXFWXUH RI D FODVVLFPRGXOH FRQVLVWV RI VWHHO EHDPV
XVHG IRU LQWHUQDO VXSSRUW RI PDFKLQHV DQG HTXLSPHQW 7KH
VWUXFWXUH FDQ EH GLYLGHG LQ WKH VXSSRUWLQJ IUDPH RU PDLQ
IUDPH DQG WKH VHFRQGDU\ RQH 7KH VHFRQGDU\ OHYHO RI WKH
VWUXFWXUH UHJDUGV WKH VXSSRUWV IRU PLQRU HTXLSPHQW ,Q
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JHQHUDOWKHVHFRQGDU\IUDPHVDQGEUDFHVLQFUHDVHWKHVWLIIQHVV
RIWKHVWUXFWXUHRIWKHPRGXOH
7KH UHVHDUFK DLPV WR UHGXFH WLPH DQG FRVW UHODWHG WR WKH
HDUO\GHVLJQSKDVH)LJ VKRZV WKHPDLQGHVLJQ OHYHOV WKDW
WKHHQJLQHHUKDVWRDQDO\VLVIRUHDFKQHZSURMHFW7KHVWXG\RI
WKHVH DQDO\VHV EHJLQV ZLWKLQ WKH SKDVH RI WKH FRQWUDFW
QHJRWLDWLRQ EHWZHHQ FXVWRPHU DQG SURGXFHU 7KHUHIRUH WKH
LPSRUWDQFHWRUHGXFHWKHWLPHRIHDUO\GHVLJQSKDVHLQFUHDVLQJ
HIILFLHQF\ LV D YHU\ LPSRUWDQW LVVXH LQ WKLV FRQWH[W 7KH
SUHVHQFH RI GLIIHUHQW DQDO\VHV UHTXLUHV D GHVLJQ DSSURDFK
VXLWDEOH WR VXSSRUW WKH ZHLJKW RSWLPL]DWLRQ FRQVLGHULQJ DOO
FRQVWUDLQWVDQGGHVLJQGDWD
'HVLJQRSWLPL]DWLRQ
5.1. Method 
7KH SURSRVHG GHVLJQ PHWKRGRORJ\ LQWHJUDWHV WKH XVH RI
)(0VLPXODWLRQVZLWKHYROXWLRQDU\DOJRULWKPVWRRSWLPL]HWKH
ZHLJKWRIDEHDPVWUXFWXUH7KHDSSURDFKFDQEHH[WHQGHGWR
GLIIHUHQW W\SRORJ\RIIUDPHHYHQ LI WKH OLVWRIVLPXODWLRQV WR
DSSO\GHSHQGVRQFRQWH[WDQGUHODWHGQRUPDWLYH
)LJ  GHVFULEHV WKH PHWKRGRORJ\ DSSURDFK VWXGLHG WR
VXSSRUW WKHRSWLPL]DWLRQSURFHVVFRQFHUQLQJ WKHHDUO\GHVLJQ
RI D VWHHO EXLOGLQJ IRU JHQHUDO SXUSRVHV 7KH LQSXW LV WKH
JHRPHWU\RIWKHIUDPHWRRSWLPL]H7KHPRGHOLVDFROOHFWLRQ
RIPDQ\EHDPV7KHILUVWVWHSRIRXUDSSURDFK LV WRGHILQHD
JURXSLQJRIEHDPVZLWKWKHVDPHFURVVVHFWLRQ7KLVJURXSLQJ
KDV WR EH VHW E\ DQ HQJLQHHU WKDW FDQ DVVLJQ WKH VDPH FURVV
VHFWLRQWRWKHDUHDRIIUDPHZLWKWKHVLPLODUVWLIIQHVVUHTXLUHG
7KLV VWHS LV DUELWUDU\ EHFDXVH WKH HQJLQHHU FDQ FODVVLI\ WKH
JURXS RI EHDPV LQ VHYHUDO ZD\V )RU H[DPSOH WKH PDLQ
FROXPQV FDQ LGHQWLI\ D JURXS RI EHDPV DV D GHFN EHDP
,QFUHDVLQJ RI WKH QXPEHU RI EHDP JURXSV UDLVHV WKH
FRPSXWDWLRQDO FRVW EXW UHGXFHV WKH ZHLJKW RI WKH RSWLPL]HG
PRGHO ,Q DGGLWLRQ WKH VWUXFWXUH FRVW FDQ JURZ ZLWK WKH
QXPEHURIGLIIHUHQWEHDPV


)LJ0HWKRG
5HJDUGLQJWKHVWHHOEHDPVLQYROYHGWKHUHDUHWZRGLIIHUHQW
W\SHV RI EHDPV FRPPHUFLDO EHDP DQG EXLOWXS RQH 7KH
GLIIHUHQFH LV WKDWZKLOH WKHFRPPHUFLDOEHDPVDUHKRW UROOHG
ODPLQDWHGSURILOHVZLWKIL[HGFURVVVHFWLRQVWKHEXLOWXSRQHV
DUHFXVWRPL]HGZHOGHGPHWDOSODWHV7KHUHIRUH WKHJHRPHWU\
RI VWDQGDUG FURVVVHFWLRQV LV FROOHFWHG LQ WKH GDWDEDVH RI
FDWDORJXHVZKLOHWKHGLPHQVLRQVRIEXLOWXSVHFWLRQVDUHIUHH
DQG WR EH GHILQHG E\ WKH GHVLJQHU )LJ  7KH SURSRVHG
RSWLPL]DWLRQSURFHVV LV RQO\ IRFXVHGRQ WKH JHRPHWU\ RI WKH
EHDPFURVVVHFWLRQV7KHUHIRUHWKHWRSRORJ\DQGVKDSHRIWKH
VWUXFWXUHVDUHQRWFRQVLGHUHGLQWKLVDSSURDFK
7KHFKRLFHRI WKHEHDPJURXSLQJDIIHFWV WKHGHILQLWLRQRI
WKH JHRPHWULF SDUDPHWHUV WR EH LQYHVWLJDWHG 7KH JHRPHWULF
SDUDPHWHUV DUH WKH YDOXHV WR FKDQJH GXULQJ WKH HYROXWLRQDU\
RSWLPL]DWLRQ SURFHVV ,Q SDUWLFXODU WKH RSWLPL]DWLRQ VROYHU
EDVHG RQ*$ FRPELQHV GLIIHUHQW YDOXHV IRU HDFK SDUDPHWHU
GXULQJ HYHU\ JHQHUDWLRQ ORRS XQWLO WKH FRQYHUJHQFH RI WKH
VROXWLRQPHWKRG LV DFKLHYHG$W WKH HQG RI HDFK JHQHUDWLRQ
GLIIHUHQWVLPXODWLRQVDUHVROYHGLQSDUDOOHOE\D)(0WRRO,Q
SDUWLFXODU WKH )(0 WRRO XVHG LV 6$3 ZKLOH WKH
RSWLPL]DWLRQ WRRO XVHG IRU WKH SURSRVHG WHVW FDVH LV
PRGH)URQWLHU
7KH RSWLPL]DWLRQ WRRO UHVL]HV WKH VWUXFWXUH HYHU\
FDOFXODWLRQORRSZKLOHWKH)(0WRROSURYLGHVWKHLQIRUPDWLRQ
DERXW WKH PHFKDQLFDO VWLIIQHVV 7KH VWUXFWXUDO DQDO\VLV
SURSRVHGDUHWKRVHGHVFULEHGLQ)LJ$VVKRZQLQWKHQH[W
LPSOHPHQWDWLRQVHFWLRQWKHDQDO\VHVDUHFDUULHGRXWLQSDUDOOHO
PRGH LQ RUGHU WR LQFUHDVH WKH HIILFLHQF\ RI WKH RSWLPL]DWLRQ
VWXG\7KHQXPEHURIYLUWXDOH[SHULPHQWVDQGWKHW\SRORJ\RI
WKHHYROXWLRQDU\DOJRULWKPWRDSSO\FDQEHGHILQHGLQWKHOHYHO
RI WKH RSWLPL]DWLRQ WRRO 7KXV WKH QXPEHU RI YLUWXDO
H[SHULPHQWV FDQ EH IL[HG XVLQJ D GHILQHG '2( GHVLJQ RI
H[SHULPHQWV RU FDQ EH YDULDEOH LI OHDUQLQJ DQG LQWHOOLJHQW
DOJRULWKPVDUHXVHG

)LJ*HRPHWULFSDUDPHWHUVRIDEXLOWXSEHDPFURVVVHFWLRQ
7KH GHILQLWLRQ RI WKH REMHFWLYH IXQFWLRQV LV DQRWKHU
LPSRUWDQW VWHS DIWHU WKH VHW RI SDUDPHWHUV 8VXDOO\ WKH
REMHFWLYHV RI FRVW DQG ZHLJKW UHGXFWLRQ DUH WKH PRVW XVHG
IXQFWLRQV LQ WKHRSWLPL]DWLRQVWXG\ UHODWHG WR VWHHO VWUXFWXUHV
DQG EXLOGLQJV LQ JHQHUDO ,Q IDFW WKH EHDPV VWUHVV DQG WKH
GHIRUPDWLRQ OLPLW LVRIWHQXVHGDV DQRSWLPL]DWLRQFRQVWUDLQW
LQWKHGHVLJQRIIUDPHVWUXFWXUHV,IWKHRSWLPL]DWLRQSUREOHP
LV IRFXVHGRQRQHVLQJOHREMHFWLYHDV WKHPDVVUHGXFWLRQ WKH
GHFLVLRQ PDNLQJ SUREOHP LV OLPLWHG WR D YHU\ VPDOO VHW RI
FRQILJXUDWLRQV ,Q WKLV FDVH WKH GHVLJQHU FDQ FKRLFH WKH
RSWLPXPFRQILJXUDWLRQRUDWOHDVWRQHYHU\FORVH,QWKHFDVH
RI D PXOWLREMHFWLYH RSWLPL]DWLRQ 022 WKH LVVXH RI WKH
RSWLPXP FKDQJHV EHFDXVH WKH 022 GRHV QRW SURYLGH D
XQLTXH VROXWLRQ EXW D VHW RI VROXWLRQV ZKLFK GHILQHV WKH
3DUHWR IURQWLHUZKHUHQRQHRI WKHSRLQWV DUHGRPLQDWHG7KH
SURSRVHG DSSURDFK DLPV WR VROYH DQ022 SUREOHPZLWK Q
REMHFWLYHV E\ GHILQLQJ DQ HTXLYDOHQW VLQJOH REMHFWLYH
RSWLPL]DWLRQIORZZKHUHQREMHFWLYHVDUHFKDQJHGLQGHVLJQ
FRQVWUDLQWV WKURXJK WKH VHWXS RI WDUJHW YDOXHV 7KH ILQDO
GHFLVLRQ REMHFWLYH FRXOG EH WKH UHGXFWLRQ RI WKH VWUXFWXUH¶V
ZHLJKWRUFRVW$WDUJHWYDOXHFRXOGEHGHILQHGDVDWKUHVKROG
YDOXHZLWKLQWKHJUDSKLFDODQDO\VLVRIWKH3DUHWRIURQWLHU7KLV
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022 VROXWLRQ JLYHV VWDELOLW\ WR WKH GHVLJQ SURFHVV DQG
FRQWULEXWHVWRUHGXFHWKHWLPHUHODWHGWRWKHRSWLPL]DWLRQIORZ
$FWXDOO\ WKH RSWLPL]DWLRQ DSSURDFK FDQ EH FRQVLGHUHG DV D
G\QDPLFSURFHVVZKLFKVXSSRUWVWKHGHVLJQSKDVH*HQHUDOO\
WKHHQJLQHHUFDQDSSO\WKHRSWLPL]DWLRQSURFHVV WR WKHZKROH
VWUXFWXUH RU WR VLQJOH IUDPHV DQG KH FDQ ODXQFK DQG UHSHDW
GLIIHUHQW RSWLPL]DWLRQ IORZV E\ YDU\LQJ FRQVWUDLQWV DQG
REMHFWLYHV
7KH SURSRVHG DSSURDFK DOVR DLPV WR GHILQH D NQRZOHGJH
EDVHRIRSWLPL]DWLRQPRGHOVLQRUGHUWRUHGXFHWKHWLPHGXHWR
WKHZRUNIORZPRGHOOLQJDQGRYHUFRPHWKHULVNWRLQYHVWLJDWH
WRRPDQ\ FRQILJXUDWLRQV EHIRUH DFKLHYLQJ WKH RSWLPXP RQH
3DUWLFXODUO\ WKH NQRZOHGJH EDVH IRFXVHV RQ SDVW GHVLJQ
H[SHULHQFHV SURYLGLQJ D VHW RI RSWLPL]DWLRQ PRGHOV 7KH
NQRZOHGJH EDVH LV DSSOLHG LQ WKH GHILQLWLRQ RI WKH EHDPV
JURXSLQJ WKH VHW RI LQSXW YDULDEOHV WR EH FRQVLGHUHG WKH
FRQVWUDLQW OLPLWV WR DSSO\ DQG WKH REMHFWLYHV WR EH DQDO\]HG
(DFK RSWLPL]DWLRQ PRGHO LV D ZRUNIORZ ZKLFK DOUHDG\
LQWHJUDWHV WKH LQSXW VHW WKH FRQVWUDLQWV WR DSSO\ DQG WKH
REMHFWLYH WRSXUVXH*LYLQJDVFKHGXOHGRSWLPL]DWLRQIORZ WR
WKH GHVLJQHU LW LV SRVVLEOH WR DXWRPDWH D SDUW RI WKH GHVLJQ
SKDVHREWDLQLQJDQ LQFUHDVH LQHIILFLHQF\DQG WLPHUHGXFWLRQ
7KH UHGXFWLRQ RI WKH GHVLJQ WLPH LV DFKLHYDEOH EHFDXVH WKH
WLPH UHODWHG WR WKH RSWLPL]DWLRQ VHW XS LV VKRUW GXH WR WKH
HPSOR\PHQW RI SUHFRQILJXUHG ZRUNIORZV DGGLWLRQDOO\ WKH
FRPSXWLQJ RI WKH YLUWXDO H[SHULPHQWV WR DSSO\ IRU VHDUFKLQJ
WKH RSWLPXP VROXWLRQV LV H[HFXWHG LQ EDFNJURXQG DV
VFKHGXOHGDQGUHTXLUHVDORZHIIRUWE\WKHXVHU
5.2. Implementation and workflow 
7KH SURSRVHG PHWKRGRORJ\ KDV EHHQ LPSOHPHQWHG LQ D
SODWIRUPWRRO WR VXSSRUW WKH PXOWLREMHFWLYH GHVLJQ
RSWLPL]DWLRQ RI D VWHHO IUDPH 7KH SODWIRUP KDV EHHQ
LPSOHPHQWHGXVLQJWKHGHYHORSPHQWHQYLURQPHQWSURYLGHGE\
WKH PRGH)5217,(5 VRIWZDUH 7KLV SODWIRUP FDQ EH
FRQQHFWHGZLWK WKH6$3VRIWZDUH WRVROYH WKHVWUXFWXUDO
)(0DQDO\VHVZKLFK DUH QHFHVVDU\ WR HYDOXDWH DQGYDOLGDWH
WKHSHUIRUPDQFHRIWKHYLUWXDOPRGHOV
,QSDUWLFXODUWKHLQWHUDFWLRQEHWZHHQWKHRSWLPL]DWLRQWRRO
DQG6$3KDVEHHQSHUIRUPHGE\DQH[WHUQDODSSOLFDWLRQ
GHYHORSHG ZLWKLQ WKH UHVHDUFK WHDP XVLQJ WKH 0LFURVRIW
9LVXDO 6WXGLR1(7 SODWIRUP DQG 9% 6FULSWLQJ 7KLV
DSSOLFDWLRQODXQFKHGE\WKHRSWLPL]DWLRQZRUNIORZLVDEOHWR
RSHQ D QHZ 6$3 LQVWDQFH WR ORDG D YLUWXDO PRGHO WR
XSORDG WKH SDUDPHWHUV DQGJHRPHWU\ RI WKH YLUWXDO VWUXFWXUH
DQGWRVLPXODWHWKHFXUUHQWPRGHOFRQILJXUDWLRQGHOLYHULQJDQ
;0/ ILOH UHSRUW$IWHU WKDW WKH )(0 LQVWDQFH TXLWV DQG WKH
ZRUNIORZFRQWLQXHVLWVORRSZLWKQH[WJHQHUDWLRQ
)LJ  VKRZV WKH ZRUNIORZ HODERUDWHG LQ WKH SURSRVHG
UHVHDUFK DFWLYLW\ 7KH VHFWLRQ RI SDUDPHWHUV UHSUHVHQWV WKH
JHRPHWULF YDULDEOHV GHILQHG WR GHVFULEH D VWHHO IUDPH 7KXV
VRPH SDUDPHWHUV DUH UHODWHG WR WKH GLPHQVLRQV RI VSHFLILF
EHDPFURVVVHFWLRQVRWKHURQHVDUHUHODWHGWRWKHGHILQLWLRQRI
D FRPPHUFLDO EHDP SURILOH $ OLVW RI FRGHV KDV EHHQ
LPSOHPHQWHG LQ RUGHU WR LGHQWLI\ WKH FRPPHUFLDO EHDP
SURILOHVLQWKHGHYHORSHGZRUNIORZ
7KH ORJLVWLF VHFWLRQ UHSUHVHQWV WKH GHILQLWLRQ RI WKH'2(
WDEOH YLUWXDO H[SHULPHQWV DQG WKH PDWKHPDWLFDO PHWKRG WR
DSSO\ LQ WKH RSWLPL]DWLRQ SURFHVV 2XU DSSURDFK WHVWHG WZR
W\SHV RI DOJRULWKPV SURYLGHG E\PRGH)URQWLHU 02*$,,
DQG SLO237 7KH 02*$,, DOJRULWKP LV D PXOWLREMHFWLYH
JHQHWLFDOJRULWKPWKDW UHTXLUHV WKHGHILQLWLRQRID'2(WDEOH
EHFDXVHWKHWRWDOQXPEHURIHYDOXDWLRQVLVHTXDOWRWKHQXPEHU
RIWKHYLUWXDOH[SHULPHQWVGHILQHGLQWKH'2(WDEOHPXOWLSOLHG
E\ WKH QXPEHU RI JHQHUDWLRQV 8VXDOO\ WKLV DOJRULWKP
SURYLGHV JRRG HIILFLHQF\ ZLWKRXW EULQJLQJ SUHPDWXUH
FRQYHUJHQFHWRORFDORSWLPDOIURQWLHUV7KHSLO237DOJRULWKP
LV DPXOWLVWUDWHJ\ VHOIDGDSWLQJ DOJRULWKP WKDW FRPELQHV WKH
DGYDQWDJHVRIORFDODQGJOREDOVHDUFK,WDOVREDODQFHVWKHUHDO
DQG560EDVHGRSWLPL]DWLRQLQWKHVHDUFKIRUWKH3DUHWRIURQW
LQDQLQWHOOLJHQWZD\7KLVDSSURDFKFDQTXLFNO\ILQGRSWLPDO
GHVLJQVZHOO GLVWULEXWHG RQ WKH 3DUHWR IURQW 7KH XVH RI WKH
UHVSRQVH VXUIDFH PHWKRGRORJ\ 560 DOORZV WKH SLO237
DOJRULWKP WR QRW UHTXLUH D '2( WDEOH EHFDXVH WKH YLUWXDO
H[SHULPHQWVDUHDGMXVWHGDWUDQGRP
7KH)(0DQDO\VLVVHFWLRQDOORZVWKHSDUDOOHOVLPXODWLRQWR
EH VROYHG 7KH IROORZLQJ ILJXUH VKRZV DV H[DPSOH WKUHH
FKDUDFWHULVWLF DQDO\VHV VXFK DV VWDWLF ORDG VHD WUDQVSRUW DQG
ODQGWUDQVSRUW)LJ(YHQLIWKHDSSURDFKFDQEHH[WHQGHG
WRQGLIIHUHQWW\SHVRIVLPXODWLRQVWKLVZRUNIORZVKRZVRQO\
WKUHH RI WKH PRUH LPSRUWDQW DQG FKDUDFWHULVWLFV DQDO\VHV WR
DSSO\WRWKHGHVLJQRIDQRLO	JDVPRGXOHVWUXFWXUH


)LJ2SWLPL]DWLRQZRUNIORZ
7HVWFDVH
7KH SURSRVHG GHVLJQ RSWLPL]DWLRQ DSSURDFK KDV EHHQ
DSSOLHGLQWKHVWXG\RIDWHVWFDVHVWHHOVWUXFWXUH7KHFKRVHQ
IUDPH LV DQ RLO	 JDVPRGXOH RI DQ H[LVWLQJ RQVKRUH SRZHU
SODQW7KHFDVHVWXG\KHUHGHVFULEHGFDQEHVHHQDVDYLUWXDO
UHGHVLJQ DQDO\VLV XVHIXO WR YDOLGDWH WKH PHWKRGRORJLFDO
DSSURDFK 7KH UHVXOW ZLOO EH FRPSDUHG ZLWK WKH RULJLQDO
PRGHO ,Q SDUWLFXODU WZR GLIIHUHQW VWXGLHV DUH SURSRVHG WKH
ILUVW RQH LV IRFXVHG RQ WKH ZHLJKW RSWLPL]DWLRQ DQG UHJDUGV
RQO\ WKH VWDWLF ORDGLQJZKLOH WKH VHFRQGRQHFRQVLGHUV WKUHH
ORDGLQJ DQDO\VHV VWDWLF ORDG WUDQVSRUW DQG VHD WUDQVSRUW LQ
RUGHU WRHYDOXDWH WKHPDVV UHGXFWLRQRIDQHZVWUXFWXUH7KH
UHDVRQ RI WKH SURSRVHG WHVW FDVH DQDO\VHV LV WKDW GXULQJ WKH
HDUO\GHVLJQSKDVHWKHHQJLQHHUFDQRSWLPL]HWKHVWUXFWXUHE\
DQDO\]LQJDVLQJOH ORDGLQJFRQGLWLRQRQHDWD WLPHRUKHFDQ
VLPXOWDQHRXVO\ VWXG\PDQ\ ORDGLQJ IRUFHV DW WKH VDPH WLPH
7KHKLJKOLJKWHGVHWRI ORDGLQJFDVHV LV UHSUHVHQWDWLYH IRU WKH
GHVLJQ RI WKH RLO 	 JDV PRGXOHV *HQHUDOO\ VSHDNLQJ WKH
VWDWLF ORDGLQJ LV WKH PDLQ FDVH WR YHULI\ EXW WKH RLO 	 JDV
DSSOLFDWLRQV DOVR UHTXLUH WR YHULI\ DOO WUDQVSRUW FRQGLWLRQV
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ZKLFK FDQ FDXVH IDWLJXH IDLOXUHV EHFDXVH WKH IUDPHV DUH
DVVHPEOHGIDUIURPWKHILQDOGHVWLQDWLRQVLWH7KHUHIRUHLQWKLV
FRQWH[WWKHRSWLPL]DWLRQEDVHGRQRQHRIWKHORDGFDVHVPXVW
QRWLJQRUHWKHHIIHFWRIWKHUHVXOWDQWVWUXFWXUHRQWKHYHULI\LQJ
RI WKHRWKHUFDVHV7KH WRSRORJ\RI WKHVWUXFWXUHZDVQRW WKH
REMHFW RI WKH RSWLPL]DWLRQ DQDO\VLV WKXV WKH H[WHUQDO VL]HV
ZHUH XQFKDQJHG ,Q SDUWLFXODU WKH VWUXFWXUH RI WKH WHVW FDVH
PRGXOHLVPORQJPZLGWKDQGPKLJKDQGZHLJKV
DERXWWRQV
7KH VLPXODWLRQV ZHUH SHUIRUPHG XVLQJ WKH OLQHDUHODVWLF
VROXWLRQ PHWKRG %RXQGDU\ IRUFHV ZHUH FRQVLGHUHG IRU WKH
VWDWLF DQDO\VLV UHODWHG WR ZLQG PDFKLQHV HTXLSPHQW DQG
EULGJHFUDQHSRVLWLRQV,QSDUWLFXODUVHYHUDOVLPXODWLRQVKDYH
EHHQ GRQH IRU HDFK VWDWLF DQDO\VLV FRPELQLQJ GLIIHUHQW
ERXQGDU\ IRUFH FRQGLWLRQV 7KH WZR FDVH VWXGLHV ZHUH
DQDO\]HGRQDQL*+]TXDGFRUHODSWRSZLWK*%UDP$Q
LPSRUWDQW DVVXPSWLRQ ZDV WKDW WKH RULJLQDO JHRPHWU\ ZDV
VLPSOLILHGDWGLIIHUHQWSRLQWVUHJDUGLQJWKHVWUXFWXUHLWVHOIDQG
VRPHHTXLSPHQW
5.3. Study 1 
$VFLWHGEHIRUHWKHVWUXFWXUHRIHYHU\PRGXOHFRQVLVWVRID
VXSSRUWLQJ IUDPH DQG D VHFRQGDU\ VWUXFWXUH )LJ  7KH
VXSSRUWLQJIUDPHLVWKHPDLQVWUXFWXUHZLWKFROXPQVDQGPDLQ
KRUL]RQWDOEHDPV7KHVHFRQGDU\VWUXFWXUH LQYROYHV WKHRWKHU
EHDPV VXFKDVEUDFHV FUDQHV VXSSRUWV+9$&VXSSRUWV HWF
&RQVLGHULQJ WKH VWXG\ RQO\ IRFXVHG RQ WKH ZHLJKW
RSWLPL]DWLRQWKHDSSURDFKKDVEHHQGLYLGHGLQWRWZRSKDVHV
7KH ILUVW VWHS UHJDUGV WKH RSWLPL]DWLRQ RI WKH VXSSRUWLQJ
VWUXFWXUHZKLOHWKHVHFRQGVWHSFRQVLGHUVWKHZKROHJHRPHWU\
ZLWK WKH IRFXV RQ WKH PDVV RSWLPL]DWLRQ RI WKH VHFRQGDU\
JURXSLQJRIEHDPV7KHXVHRIDWZRVWDJHDSSURDFKDFKLHYHG
DERXW  RI WKH WLPH UHGXFWLRQ 7KH IROORZLQJ VHFWLRQV
GHVFULEH WKH WZROHYHOVRIDQDO\VLVZKLFK OHG WRDILQDO
PDVV UHGXFWLRQ HYDOXDWHG WR WKH VLPSOLILHGPRGHO RI WKH WHVW
FDVHVWUXFWXUH

)LJ7KHVLPSOLILHGPDLQVWUXFWXUHZLWKEXLOWXSDQGVWDQGDUGEHDPV
7KHILUVWRSWLPL]DWLRQSKDVHWRRNDFDOFXODWLRQWLPHRI
KRXUV XVLQJ WKH SLO237 DOJRULWKP ZLWK  SDUDPHWHUV
LQYROYHG7KHSDUDPHWHUVDUHJURXSHGDVYDULDEOHVUHODWHG
WR WKH FURVVVHFWLRQ GLPHQVLRQV RI EXLOWXS EHDPV DQG 
GHVFULELQJ WKH SURILOHV RI VWDQGDUG EHDPV 7KH GDWDEDVH RI
VWDQGDUGEHDPVXVHGLQ WKHSURSRVHGWHVWFDVHVFROOHFWV
GLIIHUHQW FRGHV RI FURVVVHFWLRQV 7KH XVH RI WKH SLO237
RSWLPL]DWLRQ DOJRULWKP ZLWK WKH 560 DQDO\VLV ZDV DEOH WR
FDUU\ RXW  DQDO\VHV ZLWK RQO\  )(0 VLPXODWLRQV
SHUIRUPHGE\6$3VRIWZDUH7KHREWDLQHGUHVXOWVVKRZD
ZHLJKWUHGXFWLRQRIDERXWRQWKHFRPSOHWHVWUXFWXUHZLWK
URXJKO\  PDVV UHGXFWLRQ RQ WKH PDLQ VWUXFWXUH ZLWKRXW
FRQVLGHULQJWKHVHFRQGDU\EHDPVLQWKHILUVWSKDVHRI6WXG\
7KHVHFRQGRSWLPL]DWLRQSKDVHWRRNDFDOFXODWLRQWLPHRI
KRXUV XVLQJ WKH SLO237 DOJRULWKP ZLWK  SDUDPHWHUV
LQYROYHG 7KH VHOHFWHG SDUDPHWHUV GHVFULEH WKH SURILOHV RI
VWDQGDUGEHDPVXVLQJWKHVDPHGDWDEDVHRIWKHILUVWSKDVH$
QXPEHU RI  YLUWXDO H[SHULPHQWV ZHUH LQYROYHG LQ WKLV
SKDVH 7KH REWDLQHG UHVXOWV VKRZ D ILQDO PDVV UHGXFWLRQ RI
DERXWXVLQJWKHSURSRVHGWZRVWDJHDSSURDFK
7KH SURSRVHG RSWLPL]DWLRQ DQDO\VHV KDYH EHHQ EDVHG RQ
DQ 022 DSSURDFK FRQVLGHULQJ WZR PDLQ REMHFWLYHV WKH
ZHLJKW UHGXFWLRQ DQG WKHPLQLPL]DWLRQRI WKHQXPEHURI WKH
RYHUVWUHVVHGEHDPV*HQHUDOO\VSHDNLQJDIHZQXPEHURIORZ
RYHUVWUHVVHG EHDPV FDQ EH DFFHSWHG EXW WKH\ KDYH WR EH
VWUHQJWKHQHG ZLWK DQ DGGLWLRQDO FRVW LQ RUGHU WR SDVV WKH
QRUPDWLYH FKHFN 0RUHRYHU EHDPV ZLWK D OLPLWHG
RYHUVWUHVVHG VWDWH ZHUH FRQVLGHUHG )LJ GHVFULEHV D 3DUHWR
IURQWLHUUHODWHGWRWKHRSWLPL]DWLRQSURSRVHGIRUWKLVFDVH$V
VKRZHG WKH ZHLJKW UHGXFWLRQ LQFUHDVHV WKH QXPEHU RI WKH
RYHUVWUHVVHG EHDPV WKDW GR QRW YHULI\ WKH QRUPDWLYH FKHFN
7KHUHIRUH DOO SRLQWV RI WKH 3DUHWR IURQWLHU DUH RSWLPXP
VROXWLRQVEXW WKHGHFLVLRQPDNLQJSURFHVVKDV WRVHOHFWRQO\
RQHRSWLPXPFDVH7KHVWUDWHJ\IROORZHGZDV WRFRQYHUW WKH
VHFRQG REMHFWLYH ZKLFK ZDV UHODWHG WR WKH PLQLPL]DWLRQ RI
WKH RYHUVWUHVVHG EHDPV LQ D GHVLJQ FRQVWUDLQW $ WKUHVKROG
YDOXHKDVEHHQDSSOLHG WR OLPLW WKHPD[LPXPQXPEHURI WKH
DOORZHGRYHUVWUHVVHGEHDPV8VLQJWKLVDSSURDFKDPDVV
UHGXFWLRQKDVEHHQDFKLHYHGLQWKHSURSRVHGWHVWFDVH


)LJ3DUHWRIURQWLHUUHODWHGWR6WXG\FRQVLGHULQJWKHZHLJKWUHGXFWLRQ
DQGWKHQXPEHURIWKHRYHUVWUHVVHGEHDPV
5.4. Study 2 
7KH VHFRQG VWXG\ UHJDUGV WKH ZHLJKW RSWLPL]DWLRQ RI WKH
SURSRVHG VWUXFWXUH FRQVLGHULQJ WKUHH GLIIHUHQW ORDGLQJ
DQDO\VHV 7KLV VWXG\ LV IRFXVHG RQ WKH ZKROH VLPSOLILHG
JHRPHWU\ ZLWKRXW FRQVLGHULQJ WKH DQDO\VLV LQ WZR GLIIHUHQW
OHYHOVDVVHHQIRUWKHILUVWVWXG\SURSRVHG7KLVLVEHFDXVHWKH
LQFUHDVHGFRPSOH[LW\RIWKHVLPXODWLRQVKDVUHTXLUHGDKLJKHU
FRPSXWDWLRQDOFRVW,QIDFWKDYLQJSDUDOOHOVLPXODWLRQVDWZR
VWDJHDSSURDFKZRXOGKDYHLQFUHDVHGWKHFDOFXODWLRQWLPHGXH
WRWKHFRPSOH[LW\RIWKHYLUWXDOH[SHULPHQWVWREHFRPSXWHG
7KH VHFRQGRSWLPL]DWLRQ VWXG\ WRRN D FDOFXODWLRQ WLPH RI
 KRXUV XVLQJ WKH02*$,, DOJRULWKPZLWK  SDUDPHWHUV
LQYROYHG7KHSDUDPHWHUV DUH GLYLGHG LQ YDULDEOHV UHODWHG
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WR WKHFURVVVHFWLRQGLPHQVLRQVRI WKHEXLOWXSEHDPV DQG
YDULDEOHV GHVFULELQJ WKH SURILOHV RI WKH FRPPHUFLDO EHDPV
7KH GDWDEDVH RI WKH FRPPHUFLDO EHDPV ZDV UHGXFHG WR 
FRGHV LQ RUGHU WR LQFUHDVH WKH HIILFLHQF\ RI WKH SDUDOOHO
RSWLPL]DWLRQ LQ WHUPV RI FRPSXWDWLRQDO FRVW $ ILQDO ZHLJKW
UHGXFWLRQRIKDVEHHQDFKLHYHGLQWKLVVHFRQGVWXG\
'LVFXVVLRQ
7KHRSWLPL]DWLRQVWUDWHJ\FHUWDLQO\DIIHFWVWKHUHVXOWRIWKH
GHVLJQ VWXG\ 7KH VHOHFWLRQ DQG GHILQLWLRQ RI WKH LQSXW
SDUDPHWHUV DQG GDWDEDVH LV YHU\ LPSRUWDQW 7KH QXPEHU RI
SDUDPHWHUV DQG WKHLU YDULDWLRQV LQIOXHQFH WKH TXDOLW\ RI WKH
RSWLPL]DWLRQ VWXG\ EDVHG RQ WKH HYROXWLRQDU\ DOJRULWKPV ,Q
IDFW D ODUJHQXPEHURISDUDPHWHUV DOORZVGLIIHUHQW VROXWLRQV
WREHHYDOXDWHGEXWWKLVDIIHFWVWKHFDOFXODWLRQFRVWLQWHUPVRI
WLPH $GGLWLRQDOO\ WKH SUHVHQFH RI GHSHQGHQW SDUDPHWHUV
LQWURGXFHVUHGXQGDQWDQDO\VHV LQ WKHVWXG\ZLWKD ORVVRI WKH
FDOFXODWLRQWLPHDQGFRVW
7DEOH&RPSDULVRQEHWZHHQ6WXG\DQG6WXG\
6WXG\ $OJRULWKP $QDO\VLV :HLJKW 3DUDPHWHUV 7LPH
 SLO237 VWDWLF   K
 02*$,, VWDWLFVHDDQG
ODQGWUDQVSRUW
  K

7KHILUVWVWXG\DFKLHYHGDPDVVUHGXFWLRQDJDLQVWWKH
REWDLQHGLQWKHVHFRQGRQH7DEOH+RZHYHUWKHUHDUH
PDQ\GLIIHUHQFHVEHWZHHQWKHWZRVWXGLHVSURSRVHG7KHILUVW
RQHLVRQO\IRFXVHGRQWKHVWUXFWXUDOVWDWLFDQDO\VLVZKLOHWKH
VHFRQG RQH FRQVLGHUV DQWKHU WZR VXFK DV VHD WUDQVSRUW DQG
ODQG WUDQVSRUW &RQVLGHULQJ PRUH ORDGLQJ VLPXODWLRQV WKH
ILQDO PDVV UHGXFWLRQ GHFUHDVHV EHFDXVH WKH RWKHU ORDG
FRQGLWLRQVKDYHDQLPSRUWDQWLPSDFWRQWKHVWHHOVWUXFWXUH,Q
DGGLWLRQWKHSDUDPHWHUVFKRVHQLQWKHVHFRQGVWXG\DUHDOPRVW
DOO UHODWHG WR WKHEXLOWXSEHDPVZKLOHD IHZSDUDPHWHUVDUH
VHOHFWHG IRU FRPPHUFLDO EHDPV2Q WKH RWKHU KDQG 6WXG\ 
ZDV PRUH IRFXVHG RQ WKH RSWLPL]DWLRQ RI WKH VHFWLRQV ZLWK
FRPPHUFLDO EHDPV 7KH GDWDEDVH RI WKH ILUVW VWXG\ FROOHFWV
FRGHVRIVWDQGDUGEHDPVZKLOHWKHGDWDEDVHRIWKHVHFRQG
RQH LV UHGXFHG WR  FRGHV 7KXV OHVV SRVVLEOH VROXWLRQV RI
VWDQGDUG EHDPV ZHUH DQDO\]HG LQ WKH VHFRQG VWXG\ 7KH
DVVXPSWLRQV GRQHZLWKLQ WKH VHFRQG DQDO\VLVPRVWO\ GHSHQG
RQWKHFDOFXODWLRQWLPHDQGWKHFRPSXWHUKDUGZDUHUHVRXUFHV
3UHOLPLQDU\HYDOXDWLRQV VKRZKRZ WKLVPHWKRG LVSRWHQWLDOO\
FDSDEOH WR UHDFK D ZHLJKW UHGXFWLRQ UHPRYLQJ VRPH RI
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VDPHSDUDPHWHUVXVHGLQWKHVWDWLFRSWLPL]DWLRQ6WXG\EXW
ZLWKDKLJKHUSHUIRUPLQJFRPSXWHU
7KHVLPXODWLRQVDQGWKHRSWLPL]DWLRQDQDO\VLVFRQILUPWKDW
WKHSUHVHQFHRIPDQ\JURXSVRIEHDPVUHGXFHVWKHZHLJKWRI
WKH VWUXFWXUH 7KLV HIIHFW LQFUHDVHV LI D ORZ QXPEHU RI
RYHUVWUHVVHG EHDPV LV DOORZHG 2Q WKH RWKHU KDQG D JUHDW
QXPEHURIEHDPVZLWKGLIIHUHQWFURVVVHFWLRQVUDLVHVWKHFRVW
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